Objective: To evaluate the relation between nutrient intake and psychiatric functioning in adults with confirmed mood disorders.
1-3 A prospective longitudinal study of 10 094 adults in Spain categorized participants in terms of their adherence to a Mediterranean diet on the basis of a semi-quantitative FFQ. 1 After several years (median 4.4), 480 participants reported new diagnoses of depression; overall, decreasing levels of adherence to a Mediterranean diet were associated with increased likelihood of receiving such a diagnosis. Similarly, a UK study 2 used an FFQ administered to 3486 adults to categorize their dietary patterns as being primarily whole foods, compared with processed foods. In this UK study, rather than self-reported physician diagnosis of depression, mood disorder was evaluated with the 20-item CES-D. The findings supported a protective effect of a relatively healthier diet, in that people with the highest intake of whole foods were the least likely to report high depression scores on the CES-D. In a third such study, 3 dietary patterns were categorized in 1046 Australian women, whose current major depressive disorder, dysthymia, and anxiety disorders were established with structured interviews. An FFQ was used to categorize dietary patterns as being traditional, Western, or modern. The results were consistent with the previous 2 studies: increasing quality of diet was associated with decreasing symptom severity on a general health checklist. The researchers also found that the traditional dietary pattern appeared to have a protective effect as it was associated with a reduced likelihood of any of the categorical diagnoses.
As all 3 of these reports discussed, there is much scientific data on possible mechanisms to explain the way in which relatively healthier diets might exert protective effects on mental health. There is evidence of an anti-inflammatory effect of a Mediterranean diet 4 ; similarly, greater antioxidant intake, such as from any diet high in fruits and vegetables, would be protective. 5 In addition, higher intake of folate and other B vitamins could influence the synthesis of methionine and the metabolism of homocysteine, all of which could contribute to neurotransmitters such as serotonin.
Although not yet reported, the logical follow-up to these epidemiologic surveys of dietary patterns is to examine the question of whether there is, in fact, a relation between nutrient consumption and mental health function in people with diagnosed mental health problems. Such an investigation could be more targeted than large population surveys, by carrying out detailed nutrient analyses rather than characterizing general patterns. Our study was developed to fill that important gap by answering the question, Is there a relation between nutrient consumption and mental function in people with diagnosed mood disorders? Nutrients from food and supplement sources were evaluated in adults whose mood disorders were diagnosed first by their physicians and then with a SCID-I/NP (for DSM-IV-TR) Non-patient Edition.
Method

Sample
Adults (aged 18 years and older) were recruited through the MDABC, a nonprofit network that provides support for people with a mood disorder. A letter was mailed to 146 (73 in the summer and 73 in the fall and winter) randomly Conclusion : Cette analyse détaillée d'un échantillon cliniquement diagnostiqué était conforme à des enquêtes épidémiologiques antérieures, révélant une association entre des niveaux élevés de prises de nutriments et une meilleure santé mentale. La prise de nutriments devrait être prise en considération dans le traitement de personnes souffrant de troubles de l'humeur.
Clinical Implications
• Some portion of mental dysfunction in patients with mood disorders may be influenced by their nutrient intake.
• Clinicians may find it useful to learn about their patients' eating habits and to consider nutritional counselling at times.
• These findings combined with others suggest that lower doses of medications may be sufficient in patients who are better nourished.
Limitations
• Results are based on people with mild or moderate illness, as those with severe symptoms rarely volunteer for research.
• Direction of causality cannot be inferred from a crosssectional study, and may be bidirectional.
• The data do not permit drawing any conclusions about specific symptoms of depression or mania, only overall functioning.
selected MDABC members, inviting them to participate in a study of food habits. The study staff provided follow-up to the letter by calling recipients, inviting them to participate, and verifying that they had been diagnosed with a mood disorder by a physician. If the person declined participation, an interviewer attempted to complete a nonresponse questionnaire that helped determine if they differed systematically from participants in terms of lifestyle habits. The study was approved by the University of Calgary's Conjoint Health Research Ethics Board.
Study Protocol
When a person agreed to participate, the research coordinator explained the study and trained the respondent to complete a food record (reporting 2 weekdays and 1 weekend day that were nonconsecutive). When participants came to their appointment at the MDABC office, they first read and signed the consent form. A trained clinical interviewer then administered the SCID-I/NP Axis I Disorders, to confirm the diagnosis of a mood disorder 6 ; the GAF, 7 which measured social, occupational, and psychological functioning (scale of 0 to 100); the HDRS 8 ; and the YMRS. 9 Exclusion criteria, based primarily on the SCID-I/NP diagnosis, were schizophrenia, and other disorders associated with psychotic symptoms, namely, dementia, thyroid dysfunction, or degenerative disorders. If participants were eligible for the study based on the psychiatric measures, they were interviewed by a trained registered dietitian who reviewed their 3-day food record using standard procedures, 10 including using food models and household measures to ensure the record was complete and as accurate as possible; administered a semi-quantitative FFQ that focused on fat intake and some foods that are eaten less often or seasonally; and administered a short questionnaire on selected nutrition, health-related, and demographic variables. Information on the type, amount, and frequency (for example, yesterday or monthly) of nutritional supplements was also collected as part of the FFQ.
A research assistant (undergraduate nutrition student), trained by the research coordinator, used the nutrient analysis software program by ESHA, 11 which contains the CNF, 12 to record the data from the food records. The CNF is a food composition database containing average values for up to 115 nutrients in 4668 basic foods available in Canada. Input of food record data began with the entry of a key name for a food, followed by the selection of the exact or best match from the options displayed. Existing computerized recipes were used for mixed dishes, with ingredient substitutions or the addition of new recipes entered as required. Amounts consumed were entered in weights or volumes.
Quality Control and Data Analysis
The interviewer reviewed the forms twice, once at the conclusion of the interview with the participant present and then again within 24 hours. The research coordinator then checked the original forms. All the data were doubleentered to ensure accuracy, and automated validations were built in to verify data quality. The nutrient analysis program The Food Processor SQL 12 was used to record the data from the food records. Nutrient supplement data were entered by name, dose, and nutrient content. Standard conversions for nutrient measures were applied. The research coordinator manually compared the data input for each record with the original forms.
The distributions of usual nutrient intakes from food sources of major (that is, carbohydrates, fat, and protein) and minor (that is, folate, niacin, pantothenic acid, riboflavin, thiamin, vitamin B 6 , vitamin B 12 , vitamin C, calcium, iron, magnesium, phosphorous, zinc, potassium, and sodium) nutrients were determined by averaging the nutrient intakes of the 3-day food records. To determine nutrient intake from food plus supplements, the monthly nutritional supplement use recorded for each participant was expressed as a daily amount and was added to the usual intake obtained from food sources alone.
Variables were examined to determine whether they satisfied the assumptions of normality. When skewness occurred, variables were transformed (for example, square root or a log transformation) to attain normality, and analyses were conducted using the transformed variable.
Nutrient intakes were assessed according to age, sex, education level, income level, and marital status by an ANOVA or Kruskal-Wallis tests. Before analyzing the effects of these factors, income levels were classified as low income or not low income based on Statistics Canada low-income measures by family type. 13 Education levels were collapsed into 3 groups: high school or less, trade school or some university, and completion of university. Marital status was reclassified into 2 groups: not married (that is, single, widowed, separated, divorced, and never married) and married (that is, married or living commonlaw). For the analyses, the unadjusted nutrient intakes were initially transformed logarithmically, and the possible effects of education, income, and marital status were then examined using a general linear model procedure. The dependent variable was the nutrient of interest; sex, age, education, and income were entered as fixed effects. Unadjusted energy (kilocalories) intake was entered as a covariate in each model. Both the main effects and the 2-way interactions of these variables were determined. When significant main effects were observed, post hoc analysis, using Bonferroni correction, determined which groups differed significantly from one another.
Scores on the GAF, HDRS, and YMRS measurement tools were reported as mean values (standard deviation) or as the median with 25th and 75th percentile, depending on the distribution. The proportion of people experiencing (or not experiencing) manic or depressive symptoms was also reported using standard cut-offs of the respective psychiatric measurement tools.
To assess relations between the psychiatric measures and nutrient intakes, Spearman rank correlations were employed because the variables (that is, nutrients) tended a NE/d = niacin equivalents (the amount of niacin present in food, including the niacin that can theoretically be made from its precursor, tryptophan, present in the food). To make 1 mg of niacin are required about 60 mg of dietary tryptophan.
b DFE = dietary folate equivalents (values that adjust for the differences in absorption of food folate and synthetic folic acid). 1 mcg of DFE = 0.6 mcg of folic acid from fortified food or as a supplement taken with a meal = 1 mcg food folate = 0.5 mcg of folic acid from a supplement taken on an empty stomach. to be non-Gaussian. Three multiple regression models were used to assess nutrition-related factors that predict mood disorder symptoms and functioning. One model assessed dietary predictors (actual nutrient intakes, and sociodemographic and health-related variables) and GAF scores as the dependent variable. Another assessed the same independent variables but the dependent variable was HDRS scores. The final model used YMRS scores as the dependent variable. In these multivariate analyses, the effect of each variable on the psychiatric measures was examined by the appropriate regression coefficient, interpreted, for example, as a change in the depression score for one unit increase in the independent variable (for example, magnesium intake).
Significance of the estimates was tested by individual t tests. The adjusted R 2 (modification of R 2 that adjusts for the number of explanatory terms in a model and calculated
, an estimate of the proportion of the dependent variable (for example, HDRS scores) that is explained by the regression model, was also examined. To assess the plausibility of the multiple linear regression assumptions and overall model fit, various diagnostics were assessed, including plots of the residuals, compared with dependent variable, and measures to examine influential data points. The data were analyzed by the statistical software program Stata, version 7.0.
14
Results
The overall response rate was 75%. Among the people who declined participation, 44% (11/25) answered the nonresponse questions. Statistical comparisons showed no differences between the respondents and nonrespondents Forty-nine participants (50%) were taking at least one vitamin or mineral supplement, which increased selected nutrient intakes appreciably as shown in Table 2 .
The effects of education, income, and marital status on nutrient intakes were examined. For education level, significant differences were found only for pantothenic acid intakes (F = 5.54, df = 3,93, P < 0.05). As income levels increased, significantly higher intakes emerged for protein Nutrients From Food and Food Plus Supplement Sources (Table 3) Positive, weak correlations (P < 0.05) were found for GAF scores and energy (r = 0. . In all cases, higher GAF scores were associated with higher levels of nutrient intake. YMRS scores were weakly and negatively correlated with vitamin C (r = -0.25).
Analysis of minerals from food sources showed significant correlations at the 0.05 level between GAF scores and calcium (r = 0.25), phosphorus (r = 0.30), potassium (r = 0.26), and iron (r = 0.31). Two minerals were more strongly correlated with GAF scores: magnesium (r = 0.41, P < 0.001) and zinc (r = 0.35, P < 0.001).
When nutrients from food intake were combined with nutrients from supplements, GAF scores were positively correlated (P < 0.05) with 6 of the 7 minerals: calcium (r = 0.28), magnesium (r = 0.24), phosphorus (r = 0.30), potassium (r = 0.21), iron (r = 0.30), and zinc (r = 0.22). HDRS scores correlated with only one nutrient, iron (r = -0.22, P < 0.05), and indicated higher levels of iron associated with fewer symptoms of depression. YMRS scores did not correlate with any vitamin or mineral except zinc, with which it was negatively correlated (r = -0.25, P < 0.05): higher levels of zinc were associated with fewer symptoms of mania.
Prediction Models of Psychiatric Symptoms and Functioning
Models to predict mood symptoms were analyzed. An example of one model that was analyzed for GAF scores is outlined as follows:
GAF scores = Sex (male or female) + Age (years) + Income (≤$20 000 or >$20 000) + Energy (kilocalories) + Psychiatric medication (yes or no) + Age × Energy + Sex × Energy Separate models were analyzed as above (for example, with HDRS scores as the dependent variable and the independent variables as indicated) for each nutrient (first nutrients from food sources then models that used nutrients from food plus supplement sources) that was examined in the bivariate analyses. For GAF scores, the only significant predictor was total fat (regression coefficient = 0.39, SE = 0.19, t = 2.07, df = 90, P = 0.04, 95% CI 0.01 to 0.77). All regression estimates for the models predicting HDRS and YMRS scores were nonsignificant.
Conclusions
This investigation examined relations between nutrients from food, and food plus supplement sources, with psychiatric symptoms and overall mental functioning in adults with diagnosed mood disorders. Measures of association between nutrient intakes from food and psychiatric functioning showed many weak significant positive correlations, indicating better psychological function associated with higher dietary nutrient intake. When supplement sources were added to food, significant negative correlations were found between mania and zinc as well as depression and iron, both of which were consistent with better mental health being associated with higher dietary nutrient intake. Higher levels of psychological functioning were associated with greater intake of dietary minerals (calcium, magnesium, phosphorus, potassium, iron, and zinc) derived from food plus supplements. The relations between psychiatric measures and nutrient intakes weakened when linear regression analysis was conducted, most likely because of the limited sample-to-variable ratio. Regression analyses were significant only for total fat intake from food and GAF scores.
Perhaps the most notable finding of the study was that all relations that emerged were in the predicted direction: better mental health was consistently associated with higher levels of nutrient intake. The minimal relations between the individual measures of depressive and manic symptoms (HDRS and YMRS) and nutrient intakes may be due to few participants having severe symptoms. This type of selfselection bias among people with mood disorders is not surprising, as volunteering for research is more likely to occur in those who feel well enough to commit to this effort. In contrast, the overall measure of mental health (GAF scores) was correlated consistently with both macronutrients (total fat, carbohydrate, and linoleic acid) and micronutrients (6 vitamins and 6 minerals), indicating better psychological function associated with higher levels of overall nutrient intake from food. These relations were less clear for vitamin intakes when supplements were added. However, when considering food combined with supplement intakes of minerals, significant negative correlations were found between YMRS scores and zinc as well as HDRS scores and iron; positive correlations with GAF scores were found for calcium, magnesium, phosphorus, potassium, iron, and zinc. These results suggest that mineral intakes were more closely associated with psychiatric symptoms and functioning than were vitamins.
There were several notable limitations of our study. First, the findings from the food intake data were subject to a type of recall bias commonly associated with the process of recording foods, which affects the way people eat. The lower proportion of males in the sample (about one-third) may limit the generalizability of findings. Because this is a crosssectional study, one cannot determine the temporal sequence of psychiatric functioning and symptoms and nutrient intake. Also, because of the limitations of existing computerized nutrient analysis systems, this investigation could examine only specific nutrients. Finally, the sample size prevented subgroup analyses, such as the effects of individual psychiatric medications in relation to nutrient intakes.
One of the strengths of our study includes its use of a reasonably sized sample of people with confirmed mood disorders within a community setting, extensively characterized for sociodemographic variables as well as nutrient intake and psychiatric function. Other key strengths of our study are that it analyzed nutrients from food alone as well as food plus supplements separately in relation to psychiatric symptoms and functioning.
The results of our research suggest that supplemental mineral intakes may have affected psychiatric symptoms and functioning by correcting potential deficiencies. In another of our studies, 15 which compared nutrient intakes of this sample with the Estimated Average Requirements (nutrient intake value that is estimated to meet the requirements of one-half of the healthy people in a group) of the Dietary Reference Intakes, it was found that a substantial percentage of the sample had inadequate intakes of calcium, magnesium, potassium, iron, phosphorus, and zinc from food sources. In addition, it has also been theorized that coenzyme systems in people with mood disorders require higher levels of selected minerals to function optimally. 16 An alternative model for explaining underlying nutrient-related mechanisms and mental function involves energy metabolism. For example, it has been proposed that some mood symptoms represent a mitochondrial disease associated with decreased mitochondrial energy metabolism. [17] [18] [19] Treatment benefits from micronutrients would be consistent with this framework as they improve adenosine triphosphate activity. Finally, a recent review 20 suggested that a solid foundation for oxidative stress hypotheses in mood disorders and depression has been provided by biochemical, genetic, pharmacological, preclinical therapeutic studies, and one clinical trial. These data suggest that oxidative mechanisms may form unifying pathogenic pathways in psychiatric disorders and may introduce new targets for the development of therapeutic interventions. 20 This interpretation would lend support to theories indicating that coenzyme systems in people with mood disorders require higher levels of selected minerals to function optimally. 16 Ingesting multiple nutrients simultaneously, as in food sources, may optimize brain health, and may also provide some rationale for the use of multi-nutrient formulas (particularly those with dietary minerals). Several studies of multi-ingredient formulas (for example, vitamins, minerals, fatty acids, and amino acids) indicate they have a greater impact than single-ingredient interventions both in people functioning normally 21 and in those with mood and behavioural disturbances, [22] [23] [24] [25] [26] [27] as well as effectively augmenting pharmaceutical interventions. 28, 29 Our study supports the growing awareness that nutrition is important for mental health, particularly overall functioning. The findings indicate that measures of nutrition-related outcomes in this population should include global indices of mental function, such as the GAF. It is evident that in the treatment of people with mood disorders, factors of importance include the assessment of food and nutrient intakes.
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